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The following experiments were performed to ascertain if seeds function as a source of auxin in the maturing bean fruit. Bean pericarp segments were prepareAd with the seed removed and with the seed attached. The segments were kept on distilled watermoistened filter paper in Petri dishes at 25°C in the dark. Water-logging of intercellular spaces in the endocarp occurs in 2.5 to 3 days in deseeded segments, but not until 5 days in segments with the seed attached.
The effect of the seed in these studies is comparable to the effect of IAA at a concentration of 4 ppm. The resemblance between the effect of the attached seed and of applied auxin in preservation of membrane properties suggests that in the bean fruit the seeds are a source of auxin, which acts to retard the occurrence of permeability changes. Observations (legradation of pectin in the middle lamella may be a factor contributing to the osnmotic pressure of the intercellular mediunm.
PLAS.MOLYTIC STUDIES:
The ability of cells to unidergo plasmolysis and deplasmolysis has often been usecl as a criterion of selective permeability of cell membranes (6) The effect of cellular dissociation on severing cvtoplasmic connections between cells does not appear to have a significant effect on the rate of plasmolvsis, as plasmolysis of dissociated cells is initially crenulate (as in fresh tissue), suggesting attachment of the protoplast to the cell wall. Plasmolytic studies of endocarp cells after 3 days and after 4 to 7 days of watertreatment reveal no consistent difference in the time required for plasmolysis, even though cellular dissociation is very conspicuous during the latter period. These observations suggest that the difference in magnitude between rates of plasmolysis in water-and auxin-treated segments is not appreciably affected by cellular dissociation in the former.
The occurrence of water-logging of air spaces, conspicuous exudation, and the increase in rate of plasmolysis in water-treated bean endocarp provide clear evidence of an alteration in membrane permeability, a process which is delayed by an exogenous source of auxin. It is apparent, however, from the response to a plasmolytic medium that the membranes still exhibit differential permeability. It may be inferred that the ability of cells to undergo plasnf6lysis and deplasmolysis may not give a full incli6at-ibn of properties of cell membranes unless the rate factor is considered. PLANT PHYSIOLOGY RESPIRATORY STUDIES: When bean segments are prepared without asepsis the water-treated segments succumb to bacterial contamination after 5 days, or 2 days after the completion of water-logging. In contrast, auxin-treated segments do not become contaminated until 12 to 20 days elapse (22) , again following the ultimate change in membrane properties. It seems that contamination results from the favorable substratum provided by the leakage of cellular substances. Experiments performed with asepsis reveal that cells of water-treated endocarp appear normal cytologically over a 10-day period, notwithstanding the dissociation of the endocarp into a loose mass of cells. Thus it seemed attractive to conduct respiratory studies on fresh and on water-and auxin-treated endocarp to ascertain the effect of alterations in permeability on rate of respiration.
Bean segments were prepared aseptically with exocarp and mesocarp removed and kept in the dark at 25°C in Petri dishes on filter paper moistened with distilled water or a 50 ppm solution of NAA. The removal of the outer tissues provided segments of homogeneous endocarp for respiratory studies. Segments were removed at 1-day intervals, quartered, blotted, weighed and placed into Warburg vessels. Samples were run in triplicate, each vessel containing 300 to 600 mg of tissue.
It can be seen from a comparison of the curves in figure 8 that except for the 1st 3 days the Q 02 for the auxin-and water-treated endocarp is similar throughout the experiments (18) . There occurs a gradual decline in the rate of respiration until the 6th day at which time the rate levels off. Similar results were obtained in further experiments. RQ determinations yield like results for both treatments., ranging from ca. 1.11 at the beginning of the experiment to 1.06 on the 6th day. There is no effect on oxygen uptake of sucrose (0.04 M), glucose (0.02 M) or 0.02 M phosphate buffer at pH 7, or combinations thereof, whether the materials are exposed to the added substrates for a 2-hour period or overnight. In both water-and auxin-treated endocarp, however, there is an increase in the RQ (1.06 to 1.12) when sucrose is added (2). These results demonstrate that endocarp in which permeability changes and cellular dissociation had occurred may exhibit a rate of FIG. 8. Endogenous respiration of bean endocarp segments.I respiration equal to that of tissue of similar age treated with auxin to maintain membrane properties. As the following experiments show, however, watertreated segments undergo complete loss of protoplasmic organization and respiratory activity over longer periods of time, becoming disorganized at least 20 clays prior to auxin-treated segments.
Auxin-and water-treated endocarp segments prefrared as previously described were stored in the dark at 250 C for 5 days and then at 50 C in the dark for 20 days. At the end of this period respiratory studies were made 2 hours after removal of the materials from cold storage. The water-treated segments show no oxygen uptake. Further, a study of hand sections reveals protoplasmic disorganization. In contrast, auxin-treated segments show an uptake of 80 ul 0.,/g/hr, a rate comparable to the level exhibited by segments during days 7 through 9 ( fig 8) . A similar Q O., (133 dul 0 /g/hr) is shown by auxin-treated segments after more prolonged storage, namely, for 5 days at 250 C and 40 days at 50 C. No respiratory mleasurements were made on auxin-treated segments beyond 45 days, but their appearance up to 60 days suggested that they had biological activity. The conditions of the above experiment provide a means of analyzing the effect of permeability changes on longevity of bean segments. The initial storage period at 250 C provides adequate time for the occurrence of permeability changes and cellular dissociation in water-treated segments. The subsequent cold period a) reduces the possibility of contamination and b) lowers metabolic activity so that any effect of permeability changes on leakage of cellular materials is evident before the depletion of metabolites limits biological organization. The auxin-treated segments exhibit respiratory activity 20+ days longer than do water-treated segments. It seems plausible to regard permeability changes in water-treated segments as permitting excessive leakage of cellular materials, wlhich could bring about deficiencies of metabolites sufficient to cause cessation of biological activity. As a partial test of this hypothesis the following dry weight determinations of the diffusate from waterand auxin-treated segments were made. The term diffusate refers to solutes which leak from the segments into the external medium.
DIFFUSATE STUDIES: Bean endocarp segments were prepared aseptically and stored as described above (i.e., in the dark at 25°C for 5 days; thereafter in the dark at 50 C). In view of variations in the initial size and water content of trimmed segments, the most reliable estimate of the relative amount of leakage may be obtained from comparison of the ratio of the final dry weights of diffusate to segments for each of the batches. To this end, 14 Mesenmbryan thenium: Leaves were sterilized in 10 % Clorox for 10 minutes and then cut transversely into segments 5 to 6 mm in length. The segments were transferred aseptically into Petri dishes on filter paper moistened with sterile distilled water or a solution of 4 ppm NAA, and stored in the dark at 250 C. The appearance of a fresh transection of the leaf is illustrated in figure 6 . The central zone is occupied by colorless mesophyll tissue having fairly prominent intercellular spaces. External to this is a layer of palisade chlorenchyma, limited outwardly by the epidermis.
In water-treated segments water-logging of intercellular spaces in the central zone occurs in 4 to 5 days. Within 24 hours after water-logging the rigidity of this tissue is lost, and browning is apparent. In contrast, treatment of the leaf segments with 4 ppm NAA delays water-logging of the air spaces and browning until 9 days. This effect of auxin in maintenance of membrane properties is best shown in segments of young leaves.
Rhoeo: Leaves were sterilized in 10 % Clorox for 10 minutes, after which a longitudinal segment ca.
12 mm in width containing the midrib was removed and cut transversely into slices 1 mm thick. The slices were washed in sterile distilled water to remove brei released from cells injured during sectioning. They were then placed aseptically into Petri dishes containing distilled water or a 4 ppm NAA solution and kept in the dark at 250 C. Figure 7 illustrates a section of a Rhoeo leaf. The leaf consists of 3 horizontally arranged tissue zones. In the region of the adaxial surface there is a compact colorless tissue, 2 to 5 cell layers in depth, lacking intercellular spaces. The abaxial region consists of a compact tissue varying from 1 to several cells in thickness, containing anthocyanin pigments.
The central zone is occupied by photosynthetic tissue with loose cellular arrangement and large intercellular spaces.
Within 6 days there are several obvious degenerative changes in water-treated Rhoeo slices. After 4 days browning is evident in the colorless adaxial tissue region, and the intercellular spaces in the photosynthetic tissue become water-logged (fig 3) . Celluular dissociation follows rapidly in the photosynthetic tissue. By the 6th day the anthocyanins leak into the medium. The identity of the pigments was demonstrated by chromatographic analysis. The diffusate was treated with 0.1 % HCl, concentrated by distillation in vacuum and chromatographed on Whatman no. 1 paper in a butanol: acetic acid: water (4:1 :5) solvent, along with a similarly concentrated control consisting of pigments washed from fresh leaf slices with 0.1 % HCl. The Rf values were the same in all cases.
In contrast, auxin-treated leaf slices show no browning, water-logging of the air spaces or loss of anthocyanins for a period of 30 to 35 days. Figure 2 depicts hand sections of Rhoeo leaf slices after 28 days of auxin treatment. Figure 4 illustrates a group of 1 mm thick leaf slices as they appear after being maintained on a solution of 4 ppm NAA for 28 days.
As in bean endocarp it seems clear that the addition of auxin enables maintenance of normal membrane properties in Mesembryanthemum leaf segments and Rhoeo leaf slices. The 3 different changes, which occur in Rhoeo in the absence of added auxin, may be attributed to permeability changes: a) The waterlogging of the prominent air spaces in the photosynthetic tissue, followed by cellular dissociation, seems The evidences of changes in permeability in the absence of added auxin derived from studies on bean endocarp and certain leaf tissues are several, as follows: 1) water-logging of intercellular spaces within a few days, 2) microbial contamination of tissues in absence of asepsis, 3) a considerable decrease in the time required for plasmolysis of bean endocarp, 4) conspicuous exudation at the surface of endocarp segments, 5) the loss of anthocyanins from Rhoeo leaf slices, 6) the occurrence of browning in Rhoeo and Mesembryanthemum leaf tissues and 7) the leakage of ca. 36 % of the final (Iry weight in bean endocarp attended by a cessation of respiration. In the experimental materials these phenomena are inhibited by NAA for up to 30 days. Thus it is attractive to consider that auxin may act as a factor retarding senescence in leaf and fruit tissues in vivo, by effecting preservation of membrane properties. Recent studies (20) demonstrate that kinetin increases longevity of detached Xanthium leaves by deterring proteolysis. The present investigation shows that kinetin has no effect on the longevity of bean segments.
The water-logging of intercellular spaces is best explainedl by considering that a change in membrane permeability occurs, thereby permitting a movement of certain solutes, and hence of water into the intercellular spaces (to satisfy the diffusion pressure deficit). It might be argued that water from the medium injects the air spaces in bean endocarp. This, however, is negated by the fact that this phenomenon occurs in the abscission zone in Coleus (and in Fuschia and Cestrum, unpublished) where the tissue is not exposed to an external source of water. The water-logging of intercellular spaces and increased rate of plasmolysis in water-treated endocarp are evident preceding cellular dissociation. These observations argue against an interpretation that water-logging is an effect of hydrolysis of pectins in the middle lamella resulting in the formation of a hydrated pectin jelly in the air spaces. The fact that the Q 02 of water-logged tissue parallels that of auxin-treated tissue for 9 days suggests no drastic disorganization of the protoplasts, despite alterations in permeability. Further, during the same interval, protoplasmic organization in water-logged tissue appears normal. Uponl prolonged aging (20 days), however, the permeability changes accelerate protoplasmic disorganization, as evidenced by the loss of respiratory activity in water-treated segments, attended by marked leakage. Auxin effectively obviates disorganization for over 45 days. Thus it is concluded that auxin delays senescence by maintaining membranes in their normal state.
The conspicuous browning in the colorless adaxial tissue in Rhoeo leaf slices attends leakage of anthocyanins from the abaxial tissue zone and water-logging of the intercellular spaces in the centrally situated chlorenchyma. Thus it is interpreted as an effect of alterations in membrane properties. A browning effect analogous with this is the so-called "tea fermentation," attributed to cytoplasmic dlisorganization which enables vacuolar polyphenols to come into contact witlh cytoplasmic polyphenolases (21) . Browning has been reported in maturing apples (10) andl attributed to "greater access of polyphenols to enzymes." Also, it may be mentioned that the bruising of apples without rupture of the skin brings on browning. again an analogy with tea fermentation.
These reports together with the present observations suggest that browning in aged or injured fruit and leaf tissues may be an effect of permeability changes. An additional consequence of unnatural polypheniolase action in vivo may be the inhibition of oxidative phosphorylation owing to the accumulation of oxidized polyphenols (13), thus accelerating senescence.
The demonstration of auxin-permeability relationships in bean and leaf tissues prompted studies of certain drupes and berries to see if maturation phenomena such as cellular dissociation, increase in soluble pectins, the climacteric rise in respiration (1), andl increased malate decarboxylation (9, 17) are preceded by permeability changes. Although this investigation is still in progress, preliminary observations support this view as evidenced by the occurrence of water-logging of air spaces in tissue segments in vitro as well as in intact maturing fruits. Thus, the question is raised as to whether such phenomena are effects of permeability changes. It is of interest to point out that Blackman (1) and Kidd and West (11) suggested that the climacteric may be related to permeability changes. Further investigation is needed on the role which permeability changes may play in ripening fruits. The demonstrated water-logging of air spaces in maturing fruit tissues, however, makes it attractive to consider changes in membrane permeability as being the cause of phenonmena associated with the maturation of certain fruits.
Several investigators have shown that divalent ions reduce leakage of cellular materials (12, 14) . Laties (12) reports that exposure of tissue to a monovalent salt solution results in water-injection and loss of all aspects of semipermeability. These effects are prevented if 10-4 M CaSO4 is in the bathing medium. The storage of bean endocarp in 5 X 10-4 CaSO4, however, has no effect compared to water, nor does it prolong maintenance of membrane properties when added to an auxin solution. According to Helder (8) segments of plant tissue suspended in distilled water undergo leakage of both organic and inorganic substances. The storage of bean endocarp in 0.1 to 0.3 AI sucrose or mannitol (loes not prevent permeability changes. Thus, it is concluded that the auxinmembrane permeability relationship differs from the effect of monovalent ions or (listilled water on permeability.
The fact that water-treate(d endocarp plasmolyzes more rapidly than fresh or auxin-treated endocarp does not establish that the permeability changes occur in both vacuolar and plasma membranes. Since it has been shown that the plasma membrane is 100 times more permeable than the tonoplast (15), the increased rate of plasmolysis could be accounted for by a change in permeability of the tonoplast only. The instantaneous increase in cytoplasmic refractivity of water-treated endocarp when exposed to the plasmoliticum, however, can best be explained by a marked change in permeability of the plasma membrane, inasmuch as the increase in refractivity precedes plasmolysis. Considering the apparent ubiquity of membrane structure the possibility should be considered that mitochondrial. as well as plasma and vacuolar, membranes are affected.
Although a scheme had been proposedI earlier (24) by which auxin (JAA) could affect membrane permeability directly, the possibility must also be considered that auxin effects maintenance of membrane properties through some metabolic pathway. An interaction between auxin and iodoacetate affecting membrane permeability is shown by Christiansen (5). He reports that auxin-stimulated growth of pea stem segments is blocked by iodoacetate, and is attendedl by a marked leakage of cellular substances. In the presence of iodoacetate or auxin alone there is no leakage. That this may differ from the permeability changes described in this paper is indicated by its reversibility when iodoacetate is removed. It is not known if there w,as an accompanying waterlogging of the intercellular spaces.
Recent work by Galston on IAA oxidase gradients in shoots (7) Species and varietal differences in cold hardiness or susceptibility have been studied for years and although many plant reactions to low temperatures have been reported, the physiological and biochemical bases for recovery from low temperature stresses are still not clear. The extensive literature on methods of testing for winter hardiness have been reviewed by Dexter (2), and Levitt (7, 8) has reviewed numerous papers perta ining to physiology of hardening and frost hardiness. Hansen and Nossal (4) have shown that in yeast, freezing not only increases permeability but also markedly alters enzyme structure and cellular morphology. They showed that nucleotide coenzymeenzyme bonds are destroyed by freezing, and they cite unpublished data indicating that in frozen cells oxidative phosphorylation is abolished. The latter has also been demonstrated in cell-free extracts of bacterial particles (1). With succinate as a substrate, oxygen uptake of the particles was unaffected, yield-1 Received September 3, 1958. The hardened cell or tissue is better able to withstand cold injury than is the unhardened, as shown by many past studies. Whether or not the physiological processes required for renewed growth after freezing are common to tissue which has been hardened and to unhardened tissue is not fully known.
Some effects of different hardening conditions on respiration and regrowth of alfalfa will be presented elsewhere (11) . The present paper reports the results of investigations into the respiratory metabolism of alfalfa seedlings and mitochondria in relation to freezing.
MATERIALS AND METHODS
Seeds of Teton, a hardy variety of alfalfa (Medicago niedia L.), were germinated in plastic boxes on germination blotters in a dark germinator at 20°C for 4 to 5 days, at which time the radicle was 2 to 3 cm long, and the cotyledons had not yet broken the seed coat. Seedlings of alfalfa were employed at this stage of development in order to obtain a maximum amount of metabolically-active tissue. Relatively
